(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date i^^) International Publication Number 

15 August 2002 (15.08.2002) pCT WO 02/062270 Al 



(SI) loteroationat Patent Classificatioa^: A61F 2/24. 2/06 

(21) Intematioaal Applicatioo Number: PCT/EPO 1/10371 

(22) International Filing Date: 

8 September 2001 (08.09.2001) 

(25) Filing Language: English 
(2Q Publication Language: English 

(30) Priority Data: 

09/775,677 5 Febniary 2001 (05.02.2001) US 

(71) Applicants and 

(72) Inventors: SOLEM, Jan, Otto [NO/CH]; Wallennitis- 
tiasse 14. CH-8234 Scetten (CH). KIMBLAD, Per, Ola 
[SE/SE]; Satumusgatan 9, S-224 57 Lund (SE). 

= (74) Agent: AWAPATENT AB; Box 5117. S-200 71 Malmd 
s (SE). 

^= (81) Designated States (national): AE, AG, AL, AM, AT (util- 
es ity model), AU. AZ, BA. BB, BG, BR, BY, BZ, CA, CH, 



CN. CO, CR. CU. CZ (utility model), DE (utility model), 
DK (utility model), DM, DZ, EC, EE (utility model), ES, 
¥1 (utility model). GB, GD, GE, GH, GM, HR. HU, ID, IL. 
IN. IS. JP, KE. KG. KP. KR, KZ. LC, LK, LR. LS. LT, LU, 
LV, MA, MD. MG, MK. MN, MW, MX, MZ. NO, NZ. PH. 
PL. PT. RO, RU, SD, SE. SG. SI. SK (utility model), SL, 
TJ, TM. TR. TT. TZ, UA. UG, UZ, VN, YU, ZA. ZW. 

(84) Designated States (regional)x ARIPO patent (GH, GM, 
KE. LS, MW, MZ. SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG. KZ, MD, RU, TJ, TM), European 
patent (AT. BE, CH, CY. DE, DK, ES. H, i=R, GB, GR, IE, 
IT. LU, MC. NL. PT, SE. TR), OAPI patent (BF, BJ. CF, 
CG. a, CM. GA, GN. GQ, GW. ML. MR, NE. SN, TD, 
TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations** appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^= (54) Title: DEVICE FOR TREATMENT OF MITRAL INSUFFICIENCY 




SO 



^ (57) Abstract: A device for treatment of mitral annulus dilatation comprises an elongate body having two states. In a first of these 
52 s^lfis elongate body is insertable into the coronary sinus and has a shape adapting to the shape of coronary sinus. When positioned 
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DEVICE FOR TREATMENT OF MITRAL INSUFFICIENCY 



BACKGROUND OP THE INVENTION 
Technical Field of the Invention 

The present invention generally relates to a device 
5 for treatment of mitral insufficiency and, more specifi- 
cally, for treatment of dilatation of the mitral annulus. 
Description of the Prior Art 

Mitral insufficiency can result from several causes, 
such as ischemic disease, degenerative disease of the mi- 

10 tral apparatus, rheumatic fever, endocarditis, congenital 
heart disease and cardiomyopathy. The four major struc- 
tural components of the mitral valve are the annulus, the 
two leaflets, the chordae and the papillary muscles. Any 
one or all of these in different combinations may be in- 

15 jured and create insufficiency. Annular dilatation is a 
major component in the pathology of mitral insufficiency 
regardless of cause. Moreover, many patients have a mi- 
tral insufficiency primarily or only due to posterior an- 
nular dilatation, since the annulus of the anterior leaf- 

20 let does not dilatate because it is anchored to the fi- 
brous skeleton of the base of the heart. 

Studies of the natural history of mitral insuffi- 
ciency have found that totally asymptomatic patients with 
severe mitral insufficiency usually progress to severe 

25 disability within five years. At present the treatment 
consists of either mitral valve replacements or repair, 
both methods requiring open heart siirgery. Replacement 
can be performed with either mechanical or biological 
valves . 
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The mechanical valve carries the risk of thromboem- 
bolism and requires anticoagulation, with all its poten- 
tial hazards, whereas biological prostheses suffer from 
limited durability. Another hazard with replacement is 
5 the risk of endocarditis* These risks and other valve re- 
lated complications are greatly diminished with valve re- 
pair. 

Mitral valve repair is theoretically possible if an 
essentially normal anterior leaflet is present. The basic 
10 four techniques of repair include the use of an annu- 
loplasty ring, quadrangular segmental resection of dis- 
eased posterior leaflet, shortening of elongated chordae, 
and transposition of posterior leaflet chordae to the an- 
terior leaflet. 

15 Annuloplasty rings are needed to achieve a durable 

reduction of the annular dilatation. All the common rings 
are sutured along the posterior mitral leaflet adjacent 
to the mitral annulus in the left atrium. The Duran ring 
encircles the valve completely, whereas the others are 

20 open towards the anterior leaflet. The ring can either be 
rigid, like the original Carpentier ring, or flexible but 
non-elastic, like the Duran ring or the Cosgrove- Edwards 
ring. 

Effective treatment of mitral insufficiency cur- 
25 rently requires open-heart surgery, by the use of total 
cardiopulmonary by-pass, aortic cross*clamping and car- 
dioplegic cardiac arrest. 

To certain groups of patient, this is particular 
hazardous. Elderly patients, patients with a poor left 
30 ventricular function, renal disease, severe calcification 
of the aorta, previous cardiac surgery or other concomi- 
tant diseases, would in particular most likely benefit 
from a less invasive approach, even if repair is not com- 
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plete. The ciirrent trend towards less invasive coronary 
artery surgery, without cardiopulmonary by-pass, as well 
as PTCA will also call for a development o£ a less inva- 
sive method for repair of the often concomitant mitral 
5 insufficiency. 

SUMMARY OP THE INVENTION 

Therefore, a first object of the present invention 
is to provide a device for treatment of mitral insuffi- 
10 ciency without the need for cardiopulmonaary by-pass and 
without opening of the chest and heart. 

A second object of the invention is to provide re- 
duction of the mitral annulus using only catheter based 
technology. 

15 According to the present invention, a device 

for treatment of mitralis insufficiency comprises an 
elongate body having such dimensions as to be insertcQ^le 
into the coronary sinus and having two states, in a first 
state of which the elongate body has a shape that is 

20 adaptable to the shape of the coronary sinus, and to the 
second state of which the elongate body is transferable 
from the said first state assuming a reduced radius of 
curvature, whereby the radius of curvature of the coro- 
nary sinus is reduced as well as the circumference of the 

25 mitral valve annulus, when the elongate body is posi- 
tioned in the coronary sinus. More precisely, the elon- 
gate body comprises a distal stent section, a proximal 
stent section and control wires for reducing the distance 
between the distal and proximal stent sections. 

30 Thus, means are provided for the transfer of the 

elongate body to the second state by shortening it from a 
larger radius of curvature to a smaller radius of curva- 
ture. 
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The control wires may comprise a first wire and 
means for guiding said first wire in a course extending 
two times between the distal and proximal stent sections, 
when the distance therebetween is at a maximum, and ex- 
5 tending at least three times between the distal and 

proximal stent sections, when the distance therebetween 
is at a minimum. 

To accomplish changes in the course, the guiding 
means preferably comprises a first eyelet fixed to one of 

10 the distal and proximal stent sections, a second eyelet 
fixed to the other of the distal and proximal stent sec- 
tions, and a third eyelet positioned between the distal 
and proximal stent sections, said first wire having a 
first end fixed to said one of the distal and proximal 

15 stent section and extending therefrom via the third eye- 
let, the first eyelet and the second eyelet back to the 
third eylet where a second end of the first wire is 
fixed. By this stmjcture the maximum distance between the 
two stent sections will be about 1.5 times the minimum 

20 distance between the two stent sections. 

A larger quotient may be obtained by extending the 
first wire from the first eyelet at least once more via 
the third eyelet and the first eyelet before finally ex- 
tending the first wire via the second eyelet back to the 

25 third eylet where the second end of the first wire is 
fixed. 

In order to reduce the distance between the distal 
stent section and the proximal stent section, said first 
eyelet is preferably fixed to the distal stent section 
30 and said control wires conprise a second wire extending 
through the third eyelet and as a double wire proximally 
therefrom out of the coronary sinus and out of the human 
body. As an alternative to this second wire, a single 
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wire may be used having an end releasably fixed to the 
third eyelet and extending as a single wire proximally 
therefrom out of the coronary sinus and out of the human 
body. However, to be able to also increase the distance 
5 between the distal stent section and the proximal stent 
section, said control wires may comprise a third wire ex- 
tending through the third eyelet and as a doxible wire 
distal ly to and through the first eyelet and then as a 
double wire proximally therefrom out of the coronary si- 
10 nus and out of the human body. 

Alternatively, the distance between the distal stent 
section and the proximal stent section may be reduced by 
fixing the first eyelet to the proximal stent section. 
Then, said control wires should comprise a second wire 
15 extending through the third eyelet and as a double wire 
distally to and through the first eyelet and then as a 
doxible wire proximally therefrom out of the coronary si- 
nus and out of the human body. In order to be able to in- 
crease the distance between the distal stent section and 
20 the proximal stent section in this case, the control 

wires should comprise a third wire extending through the 
third eyelet and as a double wire proximally therefrom 
out of the coronary sinus and out of the human body. 

It should be noted that when the proximal and distal 
25 stent sections have been fixed relative to the coronary 
sinus and the distance between them thereraf ter has been 
finaly adjusted to a desired value, the second and the 
third wires may in both the described alternatives be 
withdrawn from the coronary sinus by pulling one of their 
30 ends positioned outside of the coronary sinus and outside 
of the human body. 

In preferred embodiments of the device, a cover en- 
closes the wires in their courses between the distal and 
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proximal stent sections so as to eliminate the risk that 
the wires will injure the coronary sinus by cutting into 
its internal surfaces. 

The cover may comprise one or more plastic sheaths 
5 and may also con^rise one or more helical wires. 

In an alternative embodiment, the device for treat- 
ment of mitral annulus dilatation comprises an elongate 
body having such dimensions as to be insertcible into the 
coronary sinus and having two states, in a first of which 

10 the elongate body has a shape that is adaptable to the 
shape of the coronary sinus, and to the second of which 
the elongate body is transferable from said first state 
assuming a reduced radius of curvature, whereby the ra- 
dius of curvature of the coronary sinus is reduced as 

15 well as the circumference of the mitral valve annulus, 
when the elongate body is positioned in the coronary si- 
nus, said elongate body comprising at least one stent 
section at a distemce from each end of the elongate body, 
said stent section providing a reduction of its length 

20 when expanded in situ in the coronary sinus, whereby the 
elongate body is shortened cuid bent to a smaller radius 
of curvature. 

Preferably, the elongate body of this embodiment 
comprises a proximal stent section, a distal stent sec- 

25 tlon and a central stent section, the distal and proximal 
stent sections being expandable prior to the central 
stent section. Obviosly, this will result in a reduction 
of the distance between the proximal and distal stent 
sections. Further, the proximal and distal stent sections 

30 should be expandable without stibstantial length reduc- 
tion. 

Thus, the present invention takes advantage of the 
position of the coronary sinus being close to the mitral 
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aiuiulus. This makes repair possible by the use of current 
catheter- guided techniques. 

The coronary veins drain blood from the myocardium 
to the right atrium. The smaller veins drain blood di- 
5 rectly into the atrial cavity, and the larger veins ac- 
coit^jany the major arteries and run into the coronary si- 
nus which substantially encircles the mitral orifice and 
annulus. It runs in the posterior atrioventricular 
groove, lying in the fatty tissue between the left atrial 

10 wall and the ventricular myocardium, before draining into 
the right atrium between the atrial septum and the post- 
Eustachian sinus. 

In an adult, the course of the coronary sinus may 
approach within 5-15 mm of the medial attachment of the 

15 posterior leaflet of the mitral valve. Preliminary meas- 
urements performed at autopsies of adults of normal 
weight show similar results, with a distance of 5,3±0,6 
mm at the medial attachment and eJDOUt 10 mm at the lat- 
eral aspect of the posterior leaflet. The circumference 

20 of the coronary sinus was 18,3 ± 2,9 mm at its ostium 

(giving a sinus diameter of the septal aspect of the pos- 
terior leaflet of 5,8 ± 0,9 mm) and 9,7 ± 0,6 mm along 
the lateral aspect of the posterior leaflet (correspond- 
ing to a sinus diameter of 3,1 ± 0,2 mm) . 

25 

BRIEF DESCRIPTION OP THE DRAWINGS 

The invention will be better understood by the fol- 
lowing description of preferred embodiments referring to 
the appended drawings, in which 
30 PIG. 1 is a cross-sectional view of a part of a 

heart , 

FIGS 2 cind 3 are schematic views of a first embodi- 
ment of a device according to the present invention. 
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FIGS 4-6 are schematic views illustrating an instru- 
ment, which may be used when positioning the device shown 
in FIGS 2 and 3 in the coronary sinus, 

FIG. 7 is a partial, enlarged view of the first em- 
5 bodiment shown in FIG. 2. 

FIGS 8 and 9 are schematic views illustrating the 
positioning of the device of FIGS 2 and 3 in the coronary 
sinus / 

FIGS 10 and 11 are schematic views illustrating the 
10 positioning of a second embodiment of the device accord- 
ing to the present invention in the coronary sinus, 

FIGS 12 and 13 are schematic views illustrating the 
positioning of a third embodiment of the device according 
to the present invention in the coronary sinus. 
15 FIG 14 illustrates a fourth embodiment of the device 

according to the present invention. 

FIG. 15 is a schematic view illustrating a preferred 
operation of the fourth embodiment. 

FIG. 16 is a schematic view illustrating the opera- 
20 tion of a fifth embodiment of the device according to the 
present invention. 

FIG. 17 illustrates a sixth embodiment of the device 
according to the present invention. 

FIG. 18 Illustrates a further modification of the 
25 embodiments of FIGS 14^17. 

FIGS 19 and 20 illustrate a seventh embodiment of 
the device according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
30 FIG 1 is a cross-sectional view through the heart 

area of the posterior atrioventricular groove 1, which is 
filled with fatty tissue. It shows the posterior leaflet 
2 of the mitral valve and the adjoining parts 3, 4 of the 
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atrial rayocardiiim and the ventricular myocardium. The 
coronary sinus 5 is shown close to the mitral annulus 6 
and behind the attachment 7 of the posterior leaflet 2. 
Since the coronary sinus 5 substantially encircles the 
5 mitral annulus 6, a reduction of the radius of curvature 
of the bent coronary sinus 5 also will result in a diame- 
ter and circumference reduction of the mitral annulus 6, 

The device of FIG. 2 comprises an elongate body 8 
made of memory metal, e.g. Nitinol, or other similar ma- 

10 terial which has a memory of an. original shape, illus- 
trated in FIG. 3, and can be temporary forced into an- 
other shape, illustrated in FIG. 2. This elongate body 8 
conprises one, two or more memory metal strings 9 of 
helical or other shape so as to fit together and be able 

15 of permitting the movements described below. Along the 
elongate body 8 several hooks 10 are fastened so as to 
extend radially out therefrom. These hooks 10 are covered 
by a cover sheath 11 in FIG. 2. 

The elongate body 8 is forced into a stretched or 

20 extended state by means of a stabilizing instrument 12 
shown in FIG. 4. This instrument 12 has two arms 13 at a 
distal end 14 of a rod 15 and a locking means 16 at a 
proximal end of the rod 15. The distance between the ends 
of the rod 15 corresponds to the desired length of the 

25 elongate body 8 when being inserted into the coronary si- 
nus 5. 

The arms 13 are free to move between the position 
shown in FIG. 4 and a position in alignment with the rod 
15, as shown in FIG. 6. The locking means 16 has two 
30 locking knobs 17, which are pressed radially outwards 

from the rod 15 by two spring blades 18. Thus, the elon- 
gated body 8 can be pushed over the rod 15 of the stabi- 
lizing instrument 12, then stretched between the arms 13 
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and the knobs 17, and finally locked in its stretched 
state on the stabilizing instirument 12 between the arms 
13 and the knobs 17, as illustrated in FIG. 5. 

The rod 15 may be a metal wire which is relatively 
5 stiff between the distal end 14 euid the locking means 16 
but still so bendable that it will follow the shape of 
the coronary sinus 5* Proximally of the locking means 16 
the metal wire of the stabilizing instrument 11 is more 
pliable to be able to easily follow the bends of the 
10 veins. 

The above -described elongate body 8 is positioned in 
the coronary sinus 5 in the following way: 

An introduction sheath (not shown) of synthetic ma- 
terial may be used to get access to the venous system. 

15 Having reached access to the venous system, a long guid- 
ing wire (not shown) of metal is advanced through the in- 
troduction sheath and via the venous system to the coro- 
nary sinus 5. This guiding wire is provided with X-ray 
distance markers so that the position of the guiding wire 

20 in the coronary sinus 5 may be monitored. 

The elongate body 8 is locked onto the stabilizing 
instrument 12, as shown in PIG. 5, and introduced into 
the long cover sheath 11 of synthetic material. This ag- 
gregate is then pushed through the introduction sheath 

25 and the venous system to the coronary sinus 5 riding on 
the guiding wire. After exact positioning of the elongate 
body 8 in the coronary sinus 5, as illustrated in FIG. 8 
where the mitral valve 19 is shown having a central gap 
20, the cover sheath 11 is retracted exposing the elon- 

30 gate body 8 within the coronary sinus 5. This manoeuver 
allows the hooks 10 on the elongate body 8 to dig into 
the walls of the coronary sinus 5 and into the heart. The 
elongate body 8 is still locked on to the stabilizing in- 
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strument 12 such that the hooks 10 engage the walls of 
the coronary sinus 5 in the stretched or extended state 
of the elongate body 8. 

A catheter 21, shown in FIG. 6, is pushed forward on 
5 the guiding wire and the rod 15 for releasing the elon- 
gate body 8 from the locking means 16 by pressing the 
spring blades 18 towards the rod 15. This movement re- 
leases the knobs 17 as well as the arms 13 from engage- 
ment with the elongate body 8 which contracts as illus- 

10 trated in FIG. 9, thereby shortening the radius of curva- 
ture of the coronary sinus. As a result, the mitral valve 
annulus S shrinks moving the posterior part thereof for- 
ward (shown by arrows in FIG. 9) . This movement reduces 
the circumference of the mitral valve annulus 6 and 

15 thereby closes the central gap 20. 

FIG. 7 illustrates a part of an arrangement of the 
wires 9 and the hooks 10 along a peripheral part of the 
elongate body 8, whereby the elongate body 8 will be 
asymmetrically contracted resulting in a bending thereof 

20 when interconnecting parts 22 of at least some of the 
hooks 10 are shortened to an original shape. 

FIGS 10 and 11 illustrate an alternative embodiment 
of an elongate body 8', which is a solid wire in the 
shape of an open U-shaped ring that will engage the wall 

25 of the coronary sinus 5 most adjacent to the mitral valve 
annulus 6 when inserted into the coronary sinus 5. The 
elongate body 8' consists of a memory metal material 
which when reverting to its original shape will bend as 
illustrated in FIG, 11. The return of the open ring 8' to 

30 its original shape may be initiated in several ways, as 
is obvious to the man skilled in the art. 

The third embodiment of the elongate body B" , illus- 
trated in FIGS 12 and 13, comprises three stent sections 



wo 02/062270 



PCT/EPOl/10371 



12 

23-25 positioned at one end of the elongate body 8", at 
the middle thereof and at the other end of the elongate 
body 8", respectively. These stent sections 23-25 may be 
positioned in the coronary sinus 5 as illustrated by con- 
5 ventipnal means, such that their positions are fixed. 
They are connected by wires 26, 27, which may be manoeu- 
vered from outside the vein system such that the dis- 
tances between the adjacent stent sections 23, 24 and 24, 
25 are reduced. More specifically, these distances are 

10 reduced asymmetrically, i.e. more on the side of coronary 
sinus 5 most adjacent to the posterior part of the mitral 
valve annulus 6. Thereby, the elongate body 8* is bent, 
as illustrated in FIG. 13, and presses the coronary sinus 
5 against the mitral valve annulus 6 closing the gap 20. 

15 A fourth embodiment of the device is shown in FIG. 

14 as comprising two stent sections, more precisely a 
proximal stent section 30 and a distal stent section 31. 
The fourth embodiment further comprises a first eyelet 
32, which is fixed to a preferably proximal part of the 

20 the distal stent section 31, a second eyelet 33, which is 
fixed to a preferably distal part of the proximal stent 
section 30, cuid a third eyelet 34, which is positioned 
between the proximal and distal stent sections 30, 31. 
These sections 30, 31 are joined by a wire 35, one end of 

25 which is fixed to the the distal stent section 31. The 
wire 35 may be fixed to the distal stent section 31 at a 
proximal point, as shown in FIG. 14, or at a more distal 
point up to the distal end of the distal stent section 
31. 

30 From the distal stent section 31 the wire 35 extends 

to and through the third eyelet 34 and then back towards 
the distal stent section 31 to and through the first eye- 
let 32. From the first eyelet 32 the wire 35 then extends 
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to and through the second eyelet 33 and then finally to 
the third eyelet 34, the other end of the wire 35 being 
fixed to this third eyelet 34. 

By moving the third eyelet 34 towards the proximal 
5 stent section 30, the distance between the proximal and 
distal stent sections 30, 31 will be reduced. On the con- 
trary, by moving the third eyelet 34 towards the distal 
stent section 31, the distance between the proximal and 
distal stent sections may be increased. However, such in- 
10 crease will require some means pushing the distal stent 
section 31 in a distal direction away from the proximal 
stent section 30 or pulling the proximal stent section in 
a proximal direction away from the distal stent section 
31. 

15 The distance between the proximal and distal stent 

sections 30, 31 will reach a maximum when the third eye- 
let 34 is positioned close to the distal stent section 31 
and will reach a minimum when the third eyelet 34 is po- 
sitioned close to the proximal stent section 30. 

20 The third eyelet 34 may be moved towards the proxi- 

mal stent section 30 by means of a single wire 36, which 
has an end releasably fixed to the third eyelet 34 and 
extends proximally therefrom through the proximal stent 
section 30 and furter proximally out of the coronary si- 

25 nus 5, through the vein system and out of the human body. 

In a preferred embodiment schematically illustrated 
in FIG. 15, a second wire 37 extends through the third 
eyelet 34 and further extends as a double wire proximally 
from the third eyelet 34, through the proximal stent sec- 

30 tion 30 and the coronary sinus 5 and then out of the 

body. The third eyelet 34 will be moved proximally by si- 
multaneous pulling both ends of the second wire 37 out- 
side of the body. When the desired position of the third 
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eyelet 34 is reached, the second wire 37 may easily be 
removed through the vein system by pulling only one of 
its ends outside the body. 

As illustrated in FIG. 15, a third wire 38 may be 
5 extended through the third eyelet 34. Therefrom it ex- 
tends as a double wire distally to and through the first 
eyelet 32 and then this double wire extends proximally 
from the first eyelet 32 (or a fxirther eyelet fixed to 
the proximal end of the distal stent) through the proxi- 

10 mal stent section 30 and finally the double wire 38 ex- 
tends proximally through the coronary sinus 5 and out of 
the human body. By pulling both ends of this third wire 
38 outside of the body, the third eyelet 34 will allow a 
movement of the proximal and distal stent sections 30, 31 

15 away from each other. By means of the second wire 37 and 
the third wire 38 the position of the third eyelet 34 may 
be adjusted repeatedly until a desired position is at- 
tained. The third wire 38 may be removed in the same man- 
ner as the second wire 37. 

20 Obviously, the position of the third eyelet 34 may 

be used to control the distance between the proximal and 
distal stent sections 30, 31, and this distance controls 
the radius of curvature of the device and thus also the 
radius of curvature of the coronary sinus 5- 

25 The furter embodiment of the device illustrated in 

FIG. 16 corresponds to the embodiment illustrated in FIG. 
15 except that the first eyelet 32 is fixed to the proxi- 
mal stent section 30 cuid the second eyelet 33 is fixed to 
the distal stent section 31. Therefore, a fourth wire 39 

30 has the same extension as the third wire 38 in FIG. 15 
but has the function of the second wire 37 in FIG. 15. A 
fifth wire 40 has the same extension as the second wire 
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37 in FIG. 15 but has the function of the third wire 38 
of FIG. 15, 

The quotient between the maximum distance and the 
minimum distance between the proximal stent section 30 
5 and the distal stent section 31 in FIGS 15 and 16 is 
about 1.5« A quotient of about 2.5 would be possible by 
letting the wire 35 extend once more via the third eyelet 
34 and the first eyelet 32 (or another eyelet fixed at 
substantially the same position as the first eyelet) be- 

10 fore finally extending via the second eyelet 33 back to 
the third eyelet 34 where the second end of the wire 35 
is fixed, as shown in FIG. 17. 

According to FIG. 18, the wires 35-40 extending be- 
tween the proximal stent section 30 and the distal stent 

15 section 31 are confined in a plastic sheath or a plastic 
wire spiral 41 which will cover and protect the wires 35- 
40. By enclosing the wires 35-40, the sheath or spiral 41 
will also prohibit them from cutting through the wall of 
the coronary sinus 5. Alternatively, more than one sheath 

20 or spiral 41 may be used, all of which should be com- 
pressible lengthwise so as to allow the reduction of the 
distance between the proximal and distal stent sections 
30, 31. 

The embodiments illustrated in FIGS 15-18 may be in- 
25 t reduced by conventional means into the coronary sinus 5 
via the vein system. Preferably, the distal stent section 
31 first is adjusted to a desired position, whereupon it 
is expanded so as to engage the walls of the coronary si- 
nus 5. Thereby, the position of the distal stent section 
30 31 is fixed in the coronary sinus 5. Then the position of 
the proximal stent section 30 is adjusted considering the 
required reduction of the distance between the the proxi- 
mal and distal stent sections 30, 31. Thereafter the 



wo 02/062270 



PCT/EPOl/10371 



16 

proximal stent section 30 is expanded such that it is 
fixed relative the coranary sinus 5. Finally, the dis- 
tance between the proximal and distal stent sections 30, 
31 is reduced using one of the wires 37 and 39. If the 
5 distance reduction is found too extensive, the distance 
between the stent sections 30 and 31 may be increased by 
pulling one of the wires 38 and 40. After achieving a 
perfect position, the used wires 37-40 may be removed by 
pulling in one of the double ends. 

10 It should be noted that instead of eyelets having a 

single opening, eyelets having multiple openings could be 
used such that each one of the wires extends through an 
opening of its own. 

Still one further embodiment of the device according 

15 to the present invention is illustrated in FIGS 19 and 
20. Here, the device conprises an elongate body having 
three stent sections, the proximal stent section 30 and 
the distal stent section 31 being of the same type as de- 
scribed above. A central stent section 42 is such as to 

20 reduce its length when expanded radially. 

When this device is positioned in the coronary sinus 
5, the proximal and distal sections 30, 31 are first ex- 
panded, as illustrated in FIG. 19, and then the central 
stent section 42 is expanded. As a consequence of its 

25 length reduction when expanded, the central stent section 
42 will reduce the distance between the proximal eind dis- 
tal stent sections 30, 31 and thus reduce the radius of 
curvature of the coronary sinus 5, as illustrated in FIG. 
20. 

30 Concludingly, the present invention provides a de- 

vice placed in the coronary sinus 5 and designed to re- 
duce the dilatation of the mitral annulus. This device is 
at a distance from the attachment of the posterior leaf- 



wo 02/062270 



PCT/EPOl/10371 



17 

let that does not much exceed the distance at which pre- 
sent annuloplasty rings are placed by open surgery tech- 
niques, and the coronary sinus is along its entire course 
large enough to hold such a device. The device could be 
5 positioned by catheter technique or any other adec[uate 
technique and offers a safer alternative to the current 
open surgery methods. The device could be designed or 
heparincoated so as to avoid thrombosis in the coronary 
sinus, thus reducing the need for aspirin, ticlopedine or 
10 anticoagulant therapy. 

It is to be understood that modifications of . the 
above-described device can be made by people skilled in 
the art without departing from the spirit and scope of 
the invention. 



15 
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CLAIMS 

1. A device for treatment of mitral axinulus dilata- 
tion, comprising an elongate body having such dimensions 

5 as to be insertable into the coronary sinus and having 
two states, in a first of which the elongate body has a 
shape that is adaptedDle to the shape of the coronary si- 
nus, and to the second of which the elongate body is 
transferable from said first state assuming a reduced ra- 

10 dius of curvature, whereby the radius of curvature of the 
coronary sinus is reduced as well as the circumference of 
the mitral valve annulus, when the elongate body is posi- 
tioned in the coronary sinus, said elongate body conpris- 
ing a distal stent section, a proximal stent section and 

15 control wires for reducing the distance between the dis- 
tal and proximal stent sections. 

2. The device of claim 1, wherein said control wires 
comprise a first wire and means for guiding said first 
wire in a course extending two times between the distal 

20 and proximal stent sections, when the distance therebe- 
tween is at a maximum, and extending at least three times 
between the distal and proximal stent sections, when the 
distance therebetween is at a minimum. 

3. The device of claim 2, wherein said guiding means 
25 comprises a first eyelet fixed to one of the distal and 

proximal stent sections, a second eyelet fixed to the 
other of the distal and proximal stent sections, and a 
third eyelet positioned between the distal and proximal 
stent sections, said first wire having a first end fixed 
30 to said one of the distal amd proximal stent section and 
extending therefrom via the third eyelet, the first eye- 
let cind the second eyelet back to the third eylet where a 
second end of the first wire is fixed. 
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4. The device of claim 3, wherein said first eyelet 
is fixed to the distal stent section and said control 
wires comprise a second wire extending through the third 
eyelet and as a doiible wire proximally therefrom out of 

5 the coronary sinus €uid out of the humsua body. 

5. The device of claim 4, wherein said control wires 
comprise a third wire extending through the third eyelet 
and as a double wire distally to and through the first 
eyelet cind then as a double wire proximally therefrom out 

10 of the coronary sinus and out of the human body. 

6. The device of claim 3, wherein said first eyelet 
is fixed to the proximal stent section and said control 
wires comprise a second wire extending through the third 
eyelet and as a dotible wire distally to and through the 

15 first eyelet and then as a double wire proximally there- 
from out of the coronary sinus and out of the human body. 

7. The device of claim S, wherein said control wires 
comprise a third wire extending through the third eyelet 
and as a double wire proximally therefrom out of the 

20 coronary sinus and out of the human body. 

8. The device of claim 4, wherein said first eyelet 
is fixed to the distal stent section and said control 
wires comprise a single wire having an end releasably 
fixed to the third eyelet and extending proximally there - 

25 from out of the coronary sinus. 

9. The device of claim 3, wherein said first wire 
from the first eyelet extends at least once more via the 
third eyelet and the first eyelet before finally extend- 
ing via the second eyelet back to the third eylet where 

30 the second end of the first wire is fixed. 

10. The device of claim 1, wherein the wires extend 
between the stent sections in courses offset radially 
from a longitudinal axis of the stent sections. 
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11 • The device of claim 1, wherein a cover encloses 
the wires in their courses between the distal and proxi- 
mal stent sections. 

12. The device of claim 11, wherein the cover com- 
5 prises one or more plastic sheaths. 

13. The device of claim 11, wherein the cover com- 
prises one or more helical wires. 

14. A device for treatment of mitral annulus dilata- 
tion, comprising an elongate body having such dimensions 

10 as to be insert able into the coronary sinus and having 
two states, in a first of which the elongate body has a 
shape that is adaptable to the shape of the coronary si- 
nus, and to the second of which the elongate body is 
transferable from said first state assuming a reduced ra- 

15 dius of curvature, whereby the radius of curvature of the 
coronary sinus is reduced as well as the circumference of 
the mitral valve cinnulus, when the elongate body is posi- 
tioned in the coronary sinus, said elongate body compris- 
ing at least one stent section at a distance from each 

20 end of the elongate body, said stent section providing a 
reduction of its length when eoqpanded in situ in the 
coronary sinus, whereby the elongate body is shortened 
and bent to a smaller radius of curvature. 

15. The device of claim 14, wherein the elongate 
25 body comprises a distal stent section, a proximal stent 

section and a central stent section, the distal and 
proximal stent sections being expandable prior to the 
central stent section. 

16. The device of claim 15, wherein the distal cuid 
30 proximal stent sections are expandable without substan- 
tial length reduction. 

17. The device of claim 14, wherein a memory mate- 
rial is used as stent material. 
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